In mid-to-late gestation, nutrient demand increases to meet the growth requirements of the conceptus and cows may alter metabolism in response to energy demands of pregnancy. By better understanding the metabolic role of pregnancy, there may be opportunities to better understand maintenance energy costs and improve overall feed efficiency. Eighteen mature Simmental/Angus crossbred cows, pregnant (PREG; n = 9) and nonpregnant (OPEN; n = 9), were used to investigate the effect of pregnancy on BW change, carcass traits, visceral organ mass, and circulating serum metabolites. Cows were blocked by day of expected parturition such that each block was slaughtered 4 to 5 wk before parturition. Cows were individually fed for ad libitum intake using Calan gates for 89 to 105 d. Cows were weighed, ultrasounded for rib (over the 12th and 13th rib) and rump fat, and a serum sample obtained at d 1, 56, and 3 to 5 d before slaughter. At slaughter, organs were removed, trimmed of fat, and weighed. Serum was analyzed for β-hydroxybutyrate (BHBA), NEFA, glucose, urea, total cholesterol, and triiodothyronine (T 3 ). Tissue samples from liver, kidney, sternomandibularis muscle, ruminal papillae, pancreas, and small intestinal muscosa were collected at slaughter and snap frozen in liquid N. Western blots were conducted to quantify abundance of: proliferating cell nuclear antigen (PCNA), ATP synthase, ubiquitin, and Na + /K+ ATPase for all tissues; PPARγ, PPARγ coactivator 1α (PGC1-α), 5′-adenosine monophosphate-activated protein kinase (AMPK) and phosphorylated-AMPK (pAMPK) for liver, muscle, and rumen; phosphoenolpyruvate carboxykinase (PEPCK) for liver and kidney; and uncoupling protein 2 (UCP2) for liver. Data were analyzed using PROC MIXED in SAS as a replicated randomized complete block. Liver weights (actual, relative to BW, relative to HCW) were heavier (P ≤ 0.02) in OPEN. Rumen mass and kidney fat weight, both relative to BW, were also greater (P ≤ 0.04) in OPEN. On d 56 and at preslaughter, PREG cows had greater (P ≤ 0.04) BHBA, NEFA and urea concentrations and lower (P = 0.04) cholesterol concentration. Hepatic Na + /K+ ATPase abundance was greater (P = 0.04) in PREG cows. In rumen papillae, abundance of pAMPKα was increased (P = 0.006) in PREG cows. These data indicate that PREG cows may metabolize energy reserves and alter their metabolism to meet the energetic demands of the growing fetus.
INTRODUCTION
Energy partitioning during pregnancy is described as a combination of homeostasis, the energy needed to maintain bodily systems, and homeorhesis, coordinating repartitioning of nutrients to support change in physiological state (Bauman and Currie, 1980) . During the last trimester of gestation, fetal growth dramatically increases and results in increased nutrient demand (Ferrell, 1982; National Research Council, 1996) . Cows may be able to reduce maintenance energy costs to support the energetic demands of the conceptus (Freetly et al., 2008) .
Little is known about how pregnancy impacts visceral organ mass and metabolism in beef cows. It is suggested that late-gestation pregnant (PREG) cows may be able to conserve energy through altering metabolic adaptations (Bell, 1995) and modifications to cellular physiology in the liver and small intestine (Scheaffer et al., 2003) . It also has been suggested that interanimal variation in cellular maintenance functions may influence maintenance requirements and feed efficiency (Bottje and Carstens, 2009; Carstens and Kerley, 2009; Herd and Arthur, 2009) . Little is known about the underlying cellular mechanisms involved in these processes in relation to pregnancy or feed efficiency in the cow.
The objective of this experiment was to investigate the influence of pregnancy on visceral organ mass, or cellular mechanisms influencing metabolism in beef cows. By investigating proteins relating to cellular energy metabolism, namely: ATP synthase, Na + /K+ ATPaseα 1 , proliferating cell nuclear antigen (PCNA), uncoupling protein 2 (UCP2), ubiquitin, phosphoenolpyruvate carboxykinase (PEPCK), peroxisome proliferator-activated receptor γ (PPARγ), peroxisome proliferator-activated receptor γ coactivator 1 α (PGC-1α), 5′-adenosine monophosphate-activated protein kinase (AMPK), and phosphorylated-AMPK (pAMPK), cellular mechanisms may be identified which are impacted by pregnancy and may play important roles in energy partitioning in cows.
MATERIALS AND METHODS

Animals, Experimental Design, and Treatments
This experiment followed the recommendations of the Canadian Council on Animal Care (1993) and met the approval of the University of Guelph Animal Care Committee. Eighteen nonlactating mature beef cows, nine PREG (n = 9) and nine nonpregnant (OPEN; n = 9), primarily of Angus and Simmental cross-breeding were used in a replicated randomized complete block design. Cows were 5.33 ± 2.8 yr old (mean ± SD) and went through at least one successful pregnancy before start of this trial. Cows were blocked according to expected day of gestation, such that PREG cows in each block were slaughtered at approximately 4 to 5 wk before parturition and OPEN cows were randomly assigned to block. At the start of the trial, cows were approximately at 150 to 165 d of gestation. The first replicate contained three blocks of four cows (two cows from each treatment), and the first block was slaughtered on d 89 of the feeding period, with Blocks 2 and 3 slaughtered 7 and 14 d, respectively, after Block 1. The second replicate contained two blocks (Block 1 and 3) and contained six cows, four cows (two per treatment) in Block 1 and two cows (one in each treatment) in Block 3 and were slaughtered on the same schedule as the first replicate.
Before the start of this trial, cows were removed from pasture, calves were weaned, and cows housed in a dry lot and fed grass haylage for at least 28 d before the start of the experiment. At the start of the experiment cows were fed once daily a total mixed ration (TMR) containing grass (primarily timothy and orchard grass) haylage (69.5% DM basis Table 1 ), wheat straw (30% of diet DM), and a commercially available trace vitamin and mineral supplement (0.5% of diet DM; 35.8% NaCl, 14% Na, 12% Ca, 4% P, 1% Mg, 0.6% S, 0.2% K, 2369 mg/kg Mn, 1000 mg/kg Cu, 3000 mg/kg Zn, 2294 mg/ kg Fe, 58 mg/kg I, 25.5 mg/kg Co, 16.2 mg/kg Se, 601.5 KIU/kg vitamin A, 100.5 KIU/kg vitamin D, and 2000 IU/kg vitamin E). Cows were fed for ad libitum intake and individual feed intakes were measured using Calan gates (American Calan, Inc., Northwood, NH), with orts measured at least once per wk. Every 28 d, cows were weighed, and on d 0 and 3 to 5 d before slaughter ultrasounded using an Aloka SSD-500 ultrasound unit (Corometrics Medical Systems, Wallingford, CT) for rib fat (between the 12th and 13th rib) and rump fat depth measurements.
Feed and Sample Analysis
Weekly TMR samples were collected and frozen at -20°C for future analysis. Samples were later dried at 55°C for 96 h to determine DM concentration and then ground to pass through a 1-mm screen. All feed analysis was performed at Agri-Food Laboratories Inc. (Guelph, ON). Dry matter analysis was done in accordance with the Association of Official Analytical Chemists guidelines (1990, Method 930.15.) . Acid detergent fiber and NDF was determined using the methods of Robertson and Van Soest (1981) using an Ankom fiber analyzer (Ankom Technology Corp., Fairport, NY). Percentage CP was determined by multiplying 6.25 by percentage dietary nitrogen as determined by the Leco Nitrogen analyzer (Leco Corporation, St. Joseph, MI).
Tissue Collection and Carcass Measurements
Cows were slaughtered at the University of Guelph Meat Laboratory. Final BW was obtained by weighing the morning of slaughter. Hot carcass weight, grade fat (minimum fat depth over the last quadrant of the LM), LM area, and subjective marbling score were determined as previously described (Mandell et al., 1997; Laborde et al., 2002; Mader et al., 2009) . Visceral organs (liver, kidneys, heart, lungs, and pancreas) were weighed, and approximately 10-g samples of liver (mid-lobe), kidney (cortex of the larger of the two kidneys) and pancreas (body), along with sternomandibularis muscle, were rinsed twice in 4°C saline (154 mM NaCL) and snapfrozen in liquid nitrogen for future analysis. The spleen, esophagus, reticulorumen, and total lower gastrointestinal tract (small and large intestine, caecum, and colon) were trimmed of fat, emptied, rinsed and weighed. Trimmed visceral fat, including kidney and pelvic fat was also weighed. Organ weights were expressed as actual, relative to BW and relative to HCW to normalize for weight of the conceptus. Samples of the rumen (ventral sac) and the small intestine (11th meter after the pylorus) were rinsed twice in chilled saline (154 mM NaCL) and snap frozen in liquid nitrogen until further analysis. The uterus was trimmed of fat and weighed in OPEN cows. In PREG cows, fat was trimmed, the fetus removed and weighed, and the uterus and placenta weighed as total uterus weight.
Blood samples were taken in the morning before feeding via jugular venipuncture at d 0 (initial), 56 and 3 to 5 d before slaughter (final) into nonheparinized tubes.
Blood was allowed to clot at room temperature for greater than 30 min to allow for clotting. Blood samples were centrifuged at 3000 × g for 25 min and serum was separated and then frozen at -20°C until analyzed. Serum samples were analyzed for serum urea, glucose, NEFA, β-hydroxybutyrate (BHBA), and total cholesterol at the University of Guelph Animal Health Laboratory (Guelph, ON) using Roche cobas c311 and Immulite 1000 analyzers (Hoffmann, La Roche Ltd., Mississauga, ON, Canada). Serum samples were analyzed by IDEXX Laboratory (Markham, ON) for serum triiodothyronine (T 3 ) using a Siemens IMMULITE 2000 total T 3 solid phase competitive chemiluminescent immunoassay (Siemens Healthcare Diagnostics, Mississauga, ON, Canada).
Immunoblot and Protein Concentrations
Western blots were conducted to quantify abundance of: PCNA, ATP synthase, ubiquitin, and Na/K+ ATPase α1 for all tissues; PGC-1α, PPARγ, AMPKα, and pAMPKα for liver, muscle, and ruminal papillae; PEPCK for liver and kidney; and UCP2 for liver. A known amount of each tissue sample of liver, kidney, pancreas, muscle, ruminal papillae, and scraped small intestinal epithelia (Matthews et al., 1996; Wang et al., 2009) were homogenized in an ice-cold SEB solution [0.25 mM sucrose, 10 mM HEPES-KOH, 1 mM EDTA] containing 10 µL/mL of a protease inhibitor cocktail (Pierce Protease Inhibitor Cocktail Kit, Pierce Biotechnology, Rockford, IL). Samples were homogenized on ice and then stored at -80°C until further analysis. Protein concentration of homogenate was determined using a commercially available bicinchononic acid kit (Pierce BCA Protein Assay Kit, Pierce Biotechnology, Rockford, IL) using bovine serum albumin as a standard and measured on a PowerWave XS microplate spectrophotometer (BioTek Instruments Inc., Winooski, VT).
Twenty micrograms of total protein for ATP synthase and 40 µg for all other protein targets were loaded on to the sodium dodecyl sulphate-polyacrylamide (SDS-PAGE) gels. Gels were electrophoresed according to methods described by Laemmli (1970) and transferred to a PVDF membrane (0.2 µm; Millipore Corporation, Bedford, MA). Membranes were blocked in a blocking solution containing 10 mM Tris-HCL, 200 mM NaCl, 1 mL/L Tween-20, and 50 g/L nonfat dry milk (Carnation Instant Skim Milk Powder, Markham, ON, Canada) for 1 h at room temperature before incubation with primary antibodies. Primary antibodies were diluted in a blocking solution containing 10 mM Tris-CL, 200 mM NaCl, 1mL/L Tween-20, and 20 g/L nonfat dry milk and incubated for 1.5 h at room temperature for ATP synthase and overnight at 4°C for all other proteins. The primary antibodies and concentrations used were: mouse antibovine ATP Synthase (Complex 5; F1F0ATPase; #459240, Invitrogen, Camarillo, CA; 1:5,000 dilution); PCNA rabbit antihuman polyclonial (SC-7907, Santa Cruz Biotechnology Inc., Santa Cruz, CA; 1:300 dilution); Na + /K+ ATPase α1 mouse antirabbit monoclonal (10R-N102A, Fitzgerald Industries International, Acton, MA; 1:300); Ubiquitin rabbit antihuman polyclonal (No. 3933, Cell Signalling Technology, Danvers, MA; 1:750 dilution); PPARγ rabbit antihuman monoclonal (No. 2435, Cell Signalling Technology, Danvers, MA, 1:500); AMPKα rabbit antihuman monoclonal (No. 5831, Cell Signaling Technology, Danvers, MA, 1:750 dilution); Phospho-AMPKα rabbit antihuman monoclonal (#2535, Cell Signalling Technology, Danvers, MA, 1:1,000 dilution); PEPCK2 rabbit antihuman polyclonal (#6924, Cell Signaling Technology, Danvers, MA, 1:750 dilution for liver, 1:500 for kidney); PGC-1α rabbit antimouse polyclonal (AB3242, Millipore, Temecula, CA, 1:500 dilution for muscle and 1:300 dilution for liver and rumen, incubated overnight at 4°C); UCP-2 rabbit antihuman polyclonal (144-157, Calbiochem, Darmsttadt, Germany, 1:500 dilution, incubated overnight at 4°C). Donkey antimouse immunoglobulin (1:5,000 dilution, GE Amersham) and donkey antirabbit immunoglobulin for (1:5,000 dilution; GE Amersham) horseradish peroxidase-linked secondary antibodies were used in combination with ECL Western Blotting Detection Reagents (GE Amersham, Baie d'Urfe, Quebec) for chemiluminescent detection of immunoreactive proteins.
Apparent protein migration weights were determined using molecular weight markers (Precision plus standards, 10 to 250 kDa; Bio-Rad Laboratories Ltd., Mississauga, ON). Band intensities were quantified using a FlourChem HD2 (Cell Biosciences/Proteinsimple, Santa Clara, CA) imaging system and Alphaview software (Alpha Innotech/Proteinsimple, Santa Clara, CA) correcting for local background intensity. To correct for unequal loading and/or transfer of proteins, membranes were stained with fast green (Fisher Scientific, Ottawa, ON) and a common predominant band was quantified and used to normalize immunoblots (Howell et al., 2003 ) Band intensities are expressed as corrected arbitrary units.
Statistical Analysis
Before the start of the trial, a power of test (Berndtson, 1991 ) was conducted and determined that a minimum of eight biological replicates were needed to detect a 20% difference from control, with a CV of 10%, at 95% power. Data were analyzed using PROC MIXED in SAS (2008) . The model included the effect of treatment, cow, age and block nested within replicate. Results were considered significant at P ≥ 0.05.
RESULTS
Average DMI did not differ (P = 0.25; Table 2 ) between OPEN and PREG cows, nor did ADG (P = 0.19). Initial BW and preslaughter BW were also not different (P ≥ 0.12) between treatments. Real time ultrasound measures of both rib fat and rump fat did not differ (P ≥ 0.33) between OPEN and PREG cows initially or preslaughter. No differences (P ≥ 0.32) in change in ultrasound rib or rump fat were observed, however large variation within each treatment was noted. Carcass measures of LM area, grade fat, subjective marbling score, or HCW also did not differ (P ≥ 0.09) between treatments.
At the start of the trial, no differences (P ≥ 0.07: Table 3 ) were observed in circulating levels of serum BHBA, total cholesterol, glucose, urea, NEFA, or T 3 . By d 56 of the feeding period, PREG cows had lower (P = 0.05) total cholesterol and greater (P ≤ 0.04) circulating BHBA, NEFA, and urea concentrations. Glucose and T 3 concentrations were not affected (P ≥ 0.5) by treatment, for both d 56 and the preslaughter sampling period. At the preslaughter period, BHBA, NEFA, and urea concentrations remained greater (P ≤ 0.04) than OPEN, while total cholesterol remained lower (P = 0.04) than OPEN.
Liver mass, both actual and relative to final BW or HCW was greater (P ≤ 0.02; Table 4) in OPEN cows. Pregnancy did not affect (P ≥ 0.08) the mass (actual, relative to BW or HCW) of kidney, pancreas, heart, lung, spleen, omasum, abomasum, and lower gastrointestinal weight (small and large intestine). Although no differ- ences (P ≥ 0.06) were observed in actual or relative to HCW, ruminal mass and ruminal mass relative to BW was greater (P = 0.01) in OPEN cows. Uterus weight (actual, relative to BW or HCW) was greater (P < 0.001) from PREG cows. Kidney fat weight was greater (P = 0.04) in OPEN cows when expressed relative to BW, but actual or relative to HCW was not (P ≥ 0.06) different between treatments. Total internal fat (actual, relative to BW or HCW) was not affected (P ≥ 0.14) by pregnancy status. Average fetal mass was 30.2 kg ± 6.19 (mean ± SD; n = 10) and consisted of 4 females and 6 males and one set of twins (data not shown). Abundance of PCNA, ATP synthase, or ubiquitin was not affected (P ≥ 0.1; Table 5 ) by pregnancy in all tissues analyzed. Abundance of Na/K+ ATPase increased (P = 0.04) in liver of pregnant cows (Fig. 1) , but did not differ (P ≥ 0.11) in kidney, pancreas, rumen, muscle or small intestine mucosa. In liver and kidney, PEPCK abundance was not influenced (P ≥ 0.08) by treatment. Abundance of AMPK or phos-AMPK did not differ (P ≥ 0.17) in liver, muscle, kidney, small intestinal mucosa, or pancreas; however, rumen phos-AMPK was greater (P = 0.006) in PREG cows (Fig. 2) . Liver, kidney, or muscle PPARγ or PGC1-α abundance was not affected (P ≥ 0.42) by pregnancy status, nor was hepatic UCP2 abundance (P = 0.14). 1 Values reported are LSM and SEM (n = 9). OPEN = nonpregnant cows (n = 9); PREG = pregnant cows (n = 9).
2 BHBA = β-hydroxybutyrate.
3 T 3 = triiodothyronine. 
DISCUSSION
In the beef industry, winter feed represents the greatest cost of production for cow-calf producers (Kaliel and Kotowich, 2002) , and is a point in the production cycle where cows typically are in mid-to late-gestation. Understanding mechanisms which may improve nutrient utilization may result in new opportunities for selection for improved feed efficiency. In the pregnant cow, energy requirements required to support growth of the conceptus increase exponentially leading up to parturition. Estimates of fasting heat production have been shown to be approximately 4,600 kcal/d greater in pregnant beef heifers at 240 d of gestation than in OPEN heifers (Ferrell et al., 1976) . In late gestation, total nutrient requirements are approximately 75% greater in the pregnant, than the OPEN cow (Bauman and Currie, 1980) . Freetly et al. (2008) investigated the effect of moderate feed restriction followed by realimentation on energy metabolism in beef cows leading up to parturition and found that efficiency (retained energy/ ME;) was improved during realimentation compared to cows fed consistently. This suggests that adaptive metabolic changes may occur to improve nutrient utilization. However, in pregnant cows, these adaptive changes remain largely unknown.
In the present study, ADG did not differ between PREG or OPEN cows, indicating that OPEN cows were gaining weight not associated with the growth of the conceptus. Total DM intake was also similar between OPEN and PREG cows, indicating that, despite increased energy demands, voluntary feed intake was likely maximized. Based on DMI and predicted NEm of the diet, NEm intake for PREG cows was 14.7 Mcal/d. 2 Protein abundance expressed as arbitrary units normalized for potential differences in protein loading or transfer.
3 PCNA = peroxisome proliferator-activated receptor gamma.
4 PEPCK = phosphoenolpyruvate carboxykinase.
5 AMPK = 5′-adenosine monophosphate-activated protein kinase.
6 PPARγ = peroxisome proliferator-activated receptor gamma.
7 PGC-1α = peroxisome proliferator-activated receptor gamma coactivator 1 alpha.
8 UCP2 = uncoupling protein 2. According to National Research Council (1996) , maintenance requirements for a 700-kg pregnant cow in a cold climate is approximately 13 Mcal/d. At 150 d of gestation, the NE requirement for pregnancy is approximately 0.6 Mcal/d, and at 250 d of gestation increases to approximately 3.6 Mcal/d. This would suggest that in the first part of the feeding period, nutrient requirements of the pregnant cow were met, while in the later part of the experiment, nutrient intake may have been limiting. As DM intake did not differ and overall weight gain was not different, it is likely that repartitioning of nutrients occurred to meet the metabolic demands of pregnancy.
At the start of the trial, circulating metabolites were similar amongst treatment groups. However, at d 56 and before slaughter, PREG cows had increased circulating BHBA, and NEFA concentrations and reduced circulating total cholesterol concentrations as compared to OPEN cows, indicative of greater fat catabolism and a more ketogenic metabolic state in PREG cows than in OPEN cows. In late gestation, nutrient demand of glucose for the conceptus increases by approximately 50% (Bell, 1995) . Increased voluntary feed intake has the potential to meet this rising nutrient demand, but in situations where nutrition is limiting, a decrease in glucose utilization by other maternal tissues has been reported (Hough et al., 1985) , and increase in overall glucose production observed (Wilson et al., 1983) . Circulating NEFA concentrations have also been found to rise in pregnant sheep (Petterson et al., 1994) and are related to increased production and oxidation of ketones in maternal tissues (Pethick et al., 1983) . Freetly and Ferrell (2000) found that net hepatic NEFA uptake increased over gestation in pregnant ewes and suggested that this increase in NEFA entry likely results from increased lipolysis from fat stores, sparing glucose and amino acids for conceptus nutrient demands. In their study, feed intake decreased as gestation length increased. In the present study, it is possible that the medium to low quality of this diet created a situation where nutrient intake was limited by the high NDF of the ration, forcing pregnant cows to homeorheticly direct nutrients away from maintenance functions and towards supporting the increased glucose supply needed to for conceptus growth.
Although visceral organs account for approximately 10% of BW, they contribute to about 50% of total energy costs (Reynolds et al., 1991) and can be attributed to maintenance energy costs and energy expenditures (Ferrell, 1988; McBride and Kelly, 1990) . It has been suggested that visceral organ mass has a greater influence on whole body expenditure rather than tissue specific metabolic rate alone (Koong et al., 1985; Burrin et al., 1990; Kelly et al., 2001 ) and has been shown to have a strong positive correlation with level of feed intake (Burrin et al., 1992; Sainz and Bentley, 1997; Swanson et al., 2000; Wang et al., 2009) . Baldwin et al. (1980) suggested that identifying animals that can minimize mass of high energy demanding tissues, such as the liver, more independent of nutrient intake, may reduce apparent maintenance requirements by 10 to 30%. Previous research has shown that visceral organ mass can be influenced by both pregnancy and nutrient intake in pregnant sheep (Fell et al., 1972; Scheaffer et al., 2004; Caton et al., 2009) , beef cows (Meyer et al., 2010) , and in rodents (Dai et al., 2011) .
In the present study, liver mass relative to HCW was smaller in PREG cows despite having no differences in DMI, which may indicate that other mechanisms may influence determination of hepatic mass in pregnant cows. There are very few studies investigating differences in visceral mass between PREG and OPEN ruminants. Contrary to the results of the present work, a study investigating visceral organ mass in pregnant growing heifers found no differences in liver weight or other visceral organ weights (Scheaffer et al., 2001) . Meyer et al. (2010) found that feed restriction, day of gestation, and the interaction between intake and day of gestation, resulted in differences in liver mass; restriction decreased hepatic mass, but after realimentation liver weight increased similarly to control fed cows. Liver weight also increased as gestation length increased. Similarly in mature ewes, feed restriction resulted in smaller livers, however OPEN ewes had smaller liver mass than PREG ewes and liver mass increased with days of gestation, with no interaction between nutrient level and reproductive status (Scheaffer et al., 2004) . Another study in PREG ewes investigated the effect of high level of intake (approximately twice of controls) and d of gestation on visceral organ mass and found that both increased intake and day of gestation resulted in increased liver mass, with no significant effect of interaction between stage of gestation and level of nutrition (Caton et al., 2009 ). This indicates that nutrient intake plays a significant role in determination of liver mass; however, the influence of pregnancy remains more elusive. It is possible that, in the present study, nutrient intake was sufficiently low to create a situation where the level of nutrition became limiting, inducing a reduction in hepatic mass.
Decrease in rumen weight relative to BW is most likely a result of limiting space in the body cavity due to late stage of pregnancy, which has been well researched in both cattle and sheep (Gunter et al., 1990; Hanks et al., 1993; Scheaffer et al., 2001) . However, when expressed relative to HCW, significance was reduced. This may also have been a contributing factor to limiting nutrient intake in the PREG cow group.
Fat surrounding the kidneys expressed relative to BW was greater in OPEN cows, and total internal fat (which includes kidney and all visceral fat), was numerically greater in OPEN. Since hot carcass weight was similar between OPEN and PREG cows, this indicates that weight gain by OPEN cows was likely due to increasing fat stores. When kidney fat weight was expressed relative to HCW, significance was reduced.
The protein Na/K+ ATPase is responsible for maintaining high intracellular K+ concentrations by actively transporting Na + across the cellular membrane, and it has been suggested that this process accounts for >20% of total maintenance energy costs McBride and Early, 1989) . Regulation of Na + /K+ is under control of a wide variety of molecular pathways (Kaplan, 2002) , and very limited research has investigated Na + /K+ ATPase response to pregnancy. One study in rats found no differences in hepatic Na + / K+ ATPase activity between pregnant and virgin rats (Zamora and Arola, 1987) . In our study, increased protein abundance of hepatic Na + /K+ ATPase was observed in PREG cows. It is suspected that increased hepatic Na + /K+ ATPase is due to increased workload in the liver. Hepatic oxygen consumption has been shown to increase with d of gestation in pregnant sheep and is associated with feed intake (Freetly and Ferrell, 1997) . In fasted sheep Na/K+ ATPase dependent O 2 consumption in hepatocytes was 62% percent lower than in fed sheep . Gullans et al. (1984) investigated the relationship between gluconeogenesis and Na + /K+ ATPase in renal proximal tubules and found that Na + /K+ ATPase activity varies with VFA source. If PREG cows were in a state of negative energy balance during late pregnancy, catabolism of bodily tissues may occur, resulting in increased circulating BHB and NEFA concentrations and flux through the liver (Grummer, 1995; Drackley, 1999) . This altered VFA source, may also have an impact on Na + /K+ ATPase. A study ) investigating increasing levels of forage fed to growing steers, found a linear relationship between hepatic Na + /K+ ATPase abundance and forage inclusion level and suggested that VFA production may influence Na + /K+ ATPase abundance in the liver. However, further research is needed to confirm the impact of VFA on hepatic Na + /K+ ATPase abundance. The sodium pump has been shown to be influenced by a variety of endocrine signals including: thyroid hormones, insulin, progesterone, cortisol, aldosterone, glucagon dexamethasone and others (Rossier et al., 1987; Ewart and Klip, 1995) having various effects in different tissues. It is possible that altered hormone levels between PREG and OPEN animals play a role in observed differences in Na + /K+ ATPase abundance.
The 5′-adenosine monophosphate-activated protein kinase and the activated form, pAMPK are highly conserved, which plays a key role in cellular energy homeostasis (by sensing ADP:ATP ratio) and energy signalling (Pimentel et al., 2013) . The phosphorylation of AMPK interacts with numerous intermediates, which in turn alter a variety of metabolic processes through decreased protein synthesis, glycogen synthesis, fatty acid synthesis lipolysis, and increased fatty acid oxidation and glucose transport, among others (Hardie, 2003) . In ruminants and rodents, AMPK has been suggested as a cellular mechanism of regulating feed intake (Allen et al., 2005 (Allen et al., , 2009 Pimentel et al., 2013) . In the present study, ruminal papillae pAMPK abundance was increased in pregnant cows, while AMPK was not different between treatments. Kahn et al. (2005) have reported that AMPK/ pAMPK is known to have a coordinated response throughout various tissues in the body; however, the signaling role of AMPK in the digestive tract is unclear. In the digestive tract, ghrelin is known to have stimulating effects on AMPK activation and thought to be one of the molecular mechanisms linking ghrelin to appetite regulation (Minokoshi et al., 2004; Kola et al., 2006; Xue and Kahn, 2006; Kojima and Kangawa, 2010) , however the specific role of AMPK/pAMPK in ruminal tissue is not known. Protein abundance of AMPK and pAMPK has been implicated as potential regulators of feed efficiency in other species, where lower abundance of AMPK and pAMPK has been observed in the muscle of low RFI (efficient) pigs (Faure et al., 2013) .
These data indicate that PREG cows may metabolize energy reserves and alter their metabolism to meet the energetic demands of the growing fetus, without altering DM intake or overall growth. Increases in circulating NEFA, BHBA, and urea, and decreasing total cholesterol, accompanied by reduced kidney fat weight indicate that PREG cows may be metabolizing energy reserves to meet metabolic demands of the growing conceptus. Reduced hepatic mass in PREG suggests a reduction in hepatic maintenance costs; however, increased Na + /K+-ATPase abundance in hepatic tissues of PREG cows may indicate increased workload in those tissues. Increased pAMPK in rumen may be indicative of metabolic signaling towards increasing energy intake. These data may lead to increased understanding of cellular mechanisms involved in energetic repartitioning and may lead to a greater understanding of metabolic processes contributing to differences in feed efficiency. 
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